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Description 

SINGLE-FIFO HIGH SPEED COMBINING SWITCH 

This invention relates generally to data switching 5 
apparatus and, In particular, to a high speed data 
combining switch which employs » for each half, a sin- 
gle first-in/flrst-out (FIFO) buffer having an output 
coupled to a switch output port 

Some multi- processor data processing systems io 
include a number of data processors coupled to a 
number of memory modules through an interconnec- 
tion network. The interconnection network may em- 
ploy an Omega-type switch which includes log(n) sta- 
ges of n/2 two-by-two switches, where n represents is 
the number of ports being serviced by the switch. One 
type of switch is known as a combining switch which 
is used to combine multiple messages which are ad- 
dressed to the same memory location in order to re- 
duce the number of accesses to that memory loca- 20 
tion. By combining messages the effects of "hot spot" 
loading are reduced and the bandwidth of the inter- 
connection network is increased. A decombining 
switch is subsequently employed to "decomblne" re- 
sponses from memory modules and tiansmit the re- 25 
sponses back to the processors. 

Fig. 1 illustrates a conventional 2X2 combining 
switch 1 comprised of two substantially identical 
halves. For convenience only one half of the switch 
will be discussed, the corresponding structure in the so 
other switch half being designated by a primed refer- 
ence number. Each switch half includes two FIFO reg- 
isterf iles. one being known as a Chute FIFO 2 and the 
other being known as a Queue FIFO 3. The Chute and 
Queue FIFOs each have an equal number of storage 35 
locations and are employed to store messages before 
transmission to the network of memory modules (not 
shown). Typically, if there are no contentions or con- 
gestions at the switch output port 4 and the Queue 3 
is empty, incoming processor messages from input 40 
ports I and J are routed directly to the output port 4 
via a nnjltiplexer 5. If the Queue 3 is not empty the In- 
coming message is temporarily stored in an Input reg- 
ister 6 and compared by a comparator 7 to all existing 
messages in the Queue to determine if the incoming 4S 
message is directed to a memory locatbn already as- 
sociated with a queued message. If a match is not 
found the incoming registered message Is stored In 
the next available location within the Queue FIFO 3. 
If a match Is detected by the comparator 7 the inconv so 
ing message is stored instead In the Chute FIFO 2 at 
a tocatk)n corresponding to the storage location of the 
matched message in the Queue 3. Subsequently both 
the Chute and Queue messages are directed to an ar- 
ithmetic logic unit (ALU) 8, via ALU input registers 9a 55 
and 9b, to combine and generate a single message. 
Information required for decombining the message on 
its return from the memory module is sent to a Wait 



Buffer in an associated decombining switch (not 
shown). 

One significant disadvantage of such conven- 
tional combining switches is that the Chute FIFO reg- 
ister file occupies a significant portion of available In- 
tegrated circuit area. For example, it can be shown 
that the Chute FIFO 2 can occupy thirty six percent 
of the data path area as compared to approximately 
forty five percent for the Queue and ten percent for 
the ALU. This significant area requirement, and the 
associated power requirement, for the Chute is espe- 
cially disadvantageous if the majority of messages 
sent through the network are not combinable, result- 
ing in only infrequent use of the Chute FIFO, 

Another significant disadvantage of such con- 
ventional combining switches is that all output from 
the Queue, whether or not there is a corresponding 
entry in the Chute, is directed through the ALU. Thus, 
some finite amount of time is required for the mes- 
sage to pass through the ALU even for those messag- 
es which are not combined. 

Typically an Interconnection network is conr>- 
prised of a plurality of 2 X 2 combining switches, such 
as an 8 X 8 network. It can therefore be appreciated 
that an Improved packing density, higher speed and 
reduced power consumption of each of the 2 x 2 
switches would result in an overall improvement in 
network performance. 

It Is therefore one object of the invention to pro- 
vide a combining switch which operates at a higher 
speed than conventional combining switches. 

it is another object of the invention to provide a 
combining switch which, for each switch half, includes 
only a Queue FIFO register and which directs mes- 
sages directly from the Queue FIFO to the switch out- 
put port. 

It is still another object of the invention to provide 
a combining switch which has a significant reduction 
in required integrated circuit surface area, which re- 
quires less operating power, and which operates at a 
higher speed than conventional combining switches. 

The foregoing problems are overcome and the 
objects of the invention are realized by a data switch- 
ing apparatus as defined in claim 1. specifically a 
combining switch having two halves, each of which In- 
cludes an input port an output port, a Queue FIFO, a 
comparator and an ALU. The input port receives data 
such as messages from data processors and directs 
incoming messages, if the output port is not busy and 
the Queue FIFO is empty, directly to the output port 
for transmission. If the output port is busy and the 
Queue FIFO Is empty the inconiing inessago is routed 
to the Queue FIFO for storage. If the Queue FIFO is 
not empty the incoming message is first compared by 
the comparator to all existing messages stored In the 
Queue FIFO to determine if the Incoming message Is 
destined for transmissk>n to a memory location which 
already has a queued message. If no match is deter- 
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mined by the comparator the incoming message is 
routed to the Queue FIFO for storage. If the compar- 
ator determines that the destination location and typ- 
ically also the operation type of an Incoming message 
matches that of a message already stored tn the 
Queue FIFO t>oth the incoming message and the 
queued, matching message are applied to the mes- 
sage combining ALU. The ALU generates a combined 
message which is stored at the same Queue FIFO lo- 
cation as the queued message which generated the 
comparison match with the Incoming message. 

In accordance with a method of the Invention as 
defined in claim 9, there is disclosed a method of op- 
erating a message combining switch in a data proc- 
essing system of the type which includes a plurality 
of data processors which are coupled to a plurality of 
memory locations through a switching network, the 
data processors generating messages relative to 
identified ones of the memory locations. The mes- 
sage combining switch includes two halves each of 
which has a message storage unit, an input port and 
an output port The method includes the steps of re- 
ceiving a message from the input port and. if the mes- 
sage storage unit has at least one message stored 
within, comparing an identification of a memory loca- 
tion and an operation type associated with the re- 
ceived message to the identification of memory loca- 
tions and operation types associated with messages 
stored in the message storage unit If the menrK)ry lo- 
cation Identification and operation type associated 
with one of the stored messages is determined to be 
equal to the memory location identification and oper- 
ation type associated with the received message the 
method further includes the steps of combining the 
received message and the stored message to gener- 
ate a combined message and replacing the stored 
message with the combined nr>essage. 

The above set forth and other features of the in- 
vention will be made more apparent in the ensuing 
Detailed Description of the Invention when read in 
conjunction with the attached Drawing, wherein: 
Fig. 1 is a simplified block diagram of a forward 
path of a 2 X 2 combining switch of the prior art 
having both Queue and Chute FIFO registers and 
ALUs through which all output of the Queue 
FIFOs are directed; and 

Fig. 2 is a simplified block diagram of forward 
path of a 2 X 2 combining switch which, in accor- 
dance with the invention, includes for each half 
only a single FIFO register, specifically the 
Queue FIFO, which has an output directly cou- 

pled to an output port of the switch. 

Referring now to Figure 2 there is shown a for- 
ward path of a 2 X 2 combining switch 10 constructed 
in accordance with the invention, it being realized that 
the switch Includes two halves which are constructed 
in substantially identical fashion. As such, only the up- 
per half of the switch 10 will be discussed, corre- 



sponding structure of the lower half of the switch 10 
being indicated with a primed reference numeral. 
Switch 1 0 includes two input nodes or ports which are 
coupled to a two input multiplexer 12 which receives 

5 I and J message inputs from data processors (not 
shown) either directly or through a data concentrator. 
If the switch 10 is located at one of the inner stages 
of a log(n) switching network the I and J inputs are 
coupled to the outputs of a combining switch 10 of a 

10 previous stage. Multiplexer 12 directs one of the in- 
coming messages, if there are no contentions or con- 
gestions at a switch output node 14. and a Queue 
FIFO 16 is empty, directly to the output port 14 and 
eventually to one of a plurality of memory modules 

15 (not shown). If the output port 14 is busy and the 
Queue 16 Is empty the incoming message is routed 
to the Queue FIFO 16 for storage via a two input mul- 
tiplexer 18. However, if the Queue FIFO 16 is not 
empty, indicating that other outgoing processor mes- 

20 sages are stored therein, at least an address portion 
and tnore typically both the address and an operation 
code portion of the incoming message are first com- 
pared by a comparator 20 to corresponding portions 
of all existing messages stored in the Queue FIF0 1 6. 

25 A determination is thus made if the Incoming mes- 
sage Is destined for a memory address location which 
already has a queued message. As was stated, in ad- 
dition to comparing the address location portion or 
field of the message the comparator 20 typically also 

30 compares the operation type portion or field of the 
message such that only those messages which are di- 
rected to the same memory location and which per- 
form the same type of operation, such as READ, 
WRITE or FETCH_AND_ADD. are combined. So long 

35 as the Queue FIFO 16 is not empty this comparison 
occurs whether or not the output port 14 is busy. If no 
match is determined by comparator 20 between the 
memory address and the operatksn type associated 
with the received message and the memory address- 
ee es and operation types associated with the queued 
messages the received message is routed through 
multiplexer 18 to the Queue FIFO 16 for storage. If 
comparator 20 detemiines that the memory address 
and operation type of the incoming message matches 

45 that of a message already stored in the Queue FIFO 
16 both the incoming message and the matching 
queued message are each temporarily stored in an 
associated register 22 and 24. respectively, for appli- 
cation to a message combining ALU 26. The regis- 

50 tered messages are also supplied to a Wait Buffer of 
an associated message decombininq switch (not 
shown) for later decombination of a menage re^'" 
turned from the memory. The ALU 26 generates a 
combined merrusry module message which is tempor- 

55 arily stored by ALU output register 28 and which is ap- 
plied to a second input of multiplexer 18 for storage 
within the Queue 16. As an example, if both the re- 
ceived message and a queued message indicate a 
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FETCH_AND_ADD operation at the same memory 
address, the ADD operand of each message are sunv 
med by the ALU 26 to generate a single message to 
that menrary location. 

In accordance with one aspect of the invention, 5 
the combined message from ALU 26 is stored at the 
same Queue FIFO 16 location as the existing Queue 
message which generated a comparison match with 
the Incoming message. Thus, the existing message Is 
over-written and replaced by the combined message. io 
Subsequently the queued messages are extracted 
from the Queue 18 in a first-in/first-out manner for ap- 
plication to the output port 1 4 as the output port 1 4 be- 
comes available for transmission to the memory mod- 
ules or further stages of the switching network. is 

The switch 10 also includes a control logic block 
30 which is responsive to a comparator 20 output sig- 
nal and a busy condition of the output port 14 to con- 
trol the operation, In the manner described above, of 
the FIFO 16 and the vartous multiplexers and regis- 20 
ters. In addition, the switch 10 includes further logic 
for detenmining if the incoming message should be di- 
rected to port P or Q. The switch typically also in- 
cludes logic including protocol signals for communi- 
cating with preceding and following 2X2 switches. 25 

As can readily be seen the combining switch 10 
of the Invention eliminates both of the Chute FIFOs 2 
of the conventional switch of Fig. 1. This elimination 
of the Chute FIFOs furthermore eliminates, for exanv 
pie, eight transistors per FIFO storage cell. Assuming 30 
a six storage location deep by four word wide FIFO, 
each word being 32 bits in length, a total of 6,144 tran- 
sistors are eliminated for the one half of the combining 
switch or a total of 12,288 transistors for entire com- 
bining switch 10. As a result, a significant savings in 35 
Integrated circuit surface area and combining switch 
power consumption is achieved. 

Furthermore, in that Incoming messages are 
routed through the ALU 26 only if there is a match with 
a queued message a considerable speed advantage 40 
is realized over the conventional combining switch of 
Fig. 1 . That is, the Queue 1 6 output is coupled directly 
to the output port 14 multiplexer instead of being cou- 
pled to the input of the ALU 26. In the conventional 
combining switch of Fig. 1 all outgoing messages are 45 
sent through the ALU to the output port from the 
Queue and Chute FIFOs regardless of whether the 
message requires combination. As such, the conven- 
tional combining switch incurs for each output mes- 
sage a propagation delay associated with passage so 
through the ALU. 



Claims 

55 

1. Digital combining switch apparatus having an in- 
put node means (I, J) and an output node means 
(P. Q), comprising: 



storage means (16) having a plurality of storage 
locations for storing data recanted from the input 
node means (I. J) prior to transmission of the data 
to the output node means (P, Q); 
comparator means (20) for comparing the re- 
ceived data to all previously received data, if any, 
which is stored within the storage means (1 6), the 
comparator means (20) having an output for indi- 
cating if at least one element of the received data 
matches at least one element of the stored data; 
characterized by 

combining means (26) having a first input cou- 
pled to the received data and a second input cou- 
pled to the storage means (16) for combining stor- 
ed data with the received data, the combining 
means (26) being responsive to the comparator 
means (20) output for generating at an output 
thereof combined data, the combined data being 
a combination of the received data and the stored 
data which generated a match with the received 
data; and 

means (30) for directing the combined data from 
the output of the combining means (26) to the 
storage means (16) for storage at a location 
wherein the stored data which generated a match 
with the received data is stored. 

2. Digital combining switch apparatus as set forth in 
Claim 1 which is included in a data processing 
system of the type which includes a plurality of 
data processors which are coupled to a plurality 
of memory modules through a switching network, 
the data processors generating messages for 
storage within a particular one of the memory 
modules, the input node means (I, J) being cou- 
pled to at least one data processor and the output 
node means (P, Q) being coupled to at least one 
memory module. 

3. Digital combining switch apparatus as set forth in 
Claim 1 or 2 and further comprising first coupling 
means (MUX) for coupling an output of the stor- 
age HDeans (16) to the output node means (P, Q) 
for providing stored data thereto. 

4. Digital combining switch apparatus as set forth in 
one of Claims 1 to 3 and further comprising sec* 
ond coupling means (12) for coupling the input 
node (1. J) means to the output node means (P, Q) 
if the storage means (16) is empty and if the out- 
put node means (P, Q) is available for use. 

5. Digital combining switch apparatus as set forth in 
one of Claims 1 to 4 and further comprising third 
coupling means (18) for coupling the input node 
means (I, J) to the storage means (16) for storing 
the received data at an available storage location 
within the storage means (16), the third coupling 
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means (18) being responsive to the comparator 
means (20) output for coupling the received data 
from the Input node means (1, J) to the storage 
means (1 6) when the comparator means (20) out- 
put indicates that the at least one element of the 
received data does not match the at least one ele- 
ment of the stored data. 

6. Digital combining switch apparatus as set forth in 
one of Claims 1 to 5 wherein the received data is 
expressive of a message generated by one of a 
plurality of data processors for storage within one 
of a plurality of memory modules and wherein the 
at least one element of data is expressh^e of an 
identification of a storage location address of one 
of the memory modules. 

7. Digital combining switch apparatus as set forth in 
one of Claims 1 to 6 wherein the storage means 
(16) comprises a f irst-ln/first-out storage means. 

8. Digital combining switch apparatus as set forth in 
one of Claims 1 to 7 wherein the combining 
means (26) comprises an arithmetic/logic unit 

9. Method of operating a message combining switch 
comprised of a message storage means (16) and 
an input node means (I, J) coupled to at least one 
data processor and an output node means (P, Q) 
coupled to the menrxsry locations, the method 
comprising the steps of: receiving a message 
from the input port means (l» J); 

. characterized by the steps of: 

if the message storage means (16) has at least 
one message stored within, 
comparing (20) at least an identification of a 
menK3ry location and a message operation type 
assodated with the received message to the 
identification of a memory location and a mes- 
sage operation type associated with messages 
stored in the message storage means (16); 
if at least the memory location and operation type 
associated with one of the stored messages is 
detemiined to be equal to the memory location 
and operation type associated with the receh^ed 
message, 

combining (26) the received message and the 
stored message to generate a combined mes- 
sage; and 

replacing (30) the stored message with the oomv 
bined message. 

1 0. A method as set forth In Claim 9 and further com- 
prising a step of, when the memory location 
and/or the operation type associated with each of 
the stored messages is determined not to be 
equal to the memory location and/or the opera- 
tion type associated with the received message, 



storing the received message at an available 
storage location within the message storage 
means (16). 

5 11. A method as set forth in Claim 9 or 10 wherein the 
step of receiving includes an additional step of. 
when the message storage means (16) has no 
messages stored within and when the output port 
means Is available for use, coupling the received 

10 message to the output node means (P, Q) for 
transmission therefrom. 

12. A method as set forth in one of Claims 9 to 11 and 
further comprising a step of transferring messag- 

15 es from the message storage means (16) to the 
output node means (P, Q) for transmission there- 
from, the step of transferring being accomplished 
such that the first message stored within the mes- 
sage storage means (16) is the first message 

20 transferred out of the message storage means 
(16). 



PatentansprOche 

25 

1. Digltale Kombinierschalter-Vorrichtung mit Ein- 
gangsknoten mittein (I, J) und Ausgangsknoten- 
mitteln (P. Q), umfassend: 
Spelchermlttel (16), die eine Vieizahl Speicher- 

30 piatze besitzen, um die Daten, die von den EIn- 
gangsknotenmittein (I, J) empfangen wurden, vor 
dem Obertragen der Daten zu den Ausgangskno- 
tenmitteln (P. Q) zu speichern; 
Komparatormlttel (20) zum Vergleichen der emp- 

35 fangenen Daten mit alien vorhergehend empfan- 
genen Daten, welche in den Speichermittein (16) 
gespelchert sind, wobei die Komparatormlttel 
(20) einen Ausgang besitzen, der anzeigt, ob 
mindestens ein Element der empfangenen Daten 

40 mit mindestens einem Element der gespelcher* 
ten Daten ubereinstlmmt; gekennzeichnet durch 
Kombintermittel (26), die einen ersten Eingang 
besitzen, der an die empfangenen Daten ange- 
schlossen 1st, sowie einen zweiten Eingang, der 

45 an die Spelchermlttel (16) angeschlossen 1st, um 
die gespelcherten Daten mit den empfangenen 
Daten zu komblnieren, wobei die Kombiniermittel 
(26) auf das Ausgangssignal der Komparatomnit- 
tel (26) ipeagleren, um an einem Ausgang die konrv 

so binierten Daten zu erzeugen, wobei die kombi- 
nierten Daten eine Kombinatlon der empfange- 
nen Daten und der gespelcherten Daten sind, 
welche durch eine Obereinstlmmung mit den 
empfangenen Daten erzeugt wird; und 

55 MIttel (30) zum Leiten der komblnierten Daten 

vom Ausgang der Kombiniermittel (26) zu den 
Speichermittein (16); um diese an einem Spei- 
cherplatz zu speichern, an dem die gespeicher- 
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ten Oaten, welche eine Ubereinstimmung mit den 
empfangen Daten hervorgerufen haben. gespei- 
chert sind. 

Digitate Kombinierschalter-Vonichtung nach An- 5 
spruch 1, welche in einem Datenverarbeitungs- 
system eines Typs enthalten ist, der eine Vielzahl 
Datenprozessoren enthilt, die uber ein Vermitt- 
lungsnetzwerk mit einer Vielzahl Spelchermodu- 
le verbunden sind. wobei die Datenprozessoren io 
Nachrichten zum Speichern innerhalb eines spe- 
ziellen Speichenmoduls erzeugen, die Eingangs- 
knotenmittel (I. J) an mindestens einen Datenpro- 
zessor angeschlossen sind und die Ausgangs- 
knotenmittel (P, Q) an mindestens ein Speicher- is 
modul angeschlossen sind. 

Digitale Kombinierschalter-Vonrichtung nach An- 
spruch 1 Oder 2, desweiteren erste Kopplungs- 
mittel (MUX) zum Koppeln eines Ausgangs der 20 
Speichemnittel (16) an die Ausgangsknotenmittel 
(P, Q) zwecks dortiger Bereitsteilung gespelcher- 
ter Daten umfassend. 

Digitale Kombinierschalter-Vornchtung nach ei- 2S 
nem der Anspruche 1 bis 3, desweiteren zweite 
Kopplungsmittel (12) umfassend, urn die Ein- 
gangsknotenmittel (I. J) an die Ausgangsknoten- 
mittel (P, Q) anzukoppeln wenn die Speichermit- 
tei (16) leer sind und wenn die Ausgangsknoten- 30 
mittel (P, Q) zur Benutzung verf ugbar sind. 

Digitale Kombinierschalter-Vornchtung nach ei- 
nem der Anspruche 1 bis 4, desweiteren dritte 
Kopplungsmittel (18) umfassend, urn die Ein- 3$ 
gangsknotenmittel (I, J) zum Speichern der emp- 
fangenen Daten auf verfugbaren Speicherpldt- 
zen innerhalb der Speichermittel (16) an die 
Speichermittel (16) anzukoppeln, wobei die drit- 
ten Kopplungsmittel auf das Ausgangsslgnai der 40 
Komparatormittel (20) reagieren, um die empfan- 
genen Daten von den Eingangsknotenmittein (I, 
J) auf die Speichermittel (16) zu schalten, wenn 
die Komparatonmittel (20) anzeigen, daft das 
mindestens eine Element der empfangen en Da- 4S 
ten nicht mit dem mindestens einen Element der 
gespeicherten Daten ubereinstimnnt 

Digitale Kombinierschalter-Vorrichtung nach ei- 
nem der Anspruche 1 bis 5. wobei die empfange- so 
nen Daten Ausdruck fur eine Nachricht sind, die 
durch einen aus der V1e!zah! der Datenprozesso- 
ren zurSpeicherung innerhalb eines aus der Viel- 
zahl der Spelchermodule erzeugt wurde und wo- 
bei das mindestens eine Element der Daten ein 55 
Ausdruck fur die Identifikation der Speicher- 
platzadresse eines der Spelchermodule ist 



7. Digitale Kombinierschalter-Vonichtung nach ei- 
nem der Anspruche 1 bis 6. wobei die Speicher- 
mittel (16) FIFOSpeichermittel umfassen. 

8. Digitale Kombinierschalter-Vonichtung nach ei- 
nem der Anspruche 1 bis 7, wobei die Kombinier- 
mittel (26) eine Arithmetik-Logik-Einheit umfas- 
sen. 

9. Verfahren zum Betrieb eines Nachrichten- Konr>- 
binierschalters, Speichermittel (16) und Ein- 
gangsknotenmittel (I, J), die an mindestens einen 
Datenprozessor angeschlossen sind, und Aus- 
gangsknotenmittel (P, Q), die an Spercherplatze 
angeschlossen sind, umfassend, wobei das Ver- 
fahren die folgenden Schritte umfa&t: 
Empfangen einer Nachricht von den Eingang- 
sportmitteln (I. J) 

gekennzeichnet durch die Schritte: 
wenn in den Nachrichten-Speichermitteln (16) 
mindestens eine Nachricht gespeichert ist, 
Vergleichen (20) von mindestens einem Identif i- 
kationsmerkmal des Speicherpjatzes und des 
Nachrichten-Operatk)nstyps, die der empfange- 
nen Nachricht zugeordnet sind, mit dem Identifi- 
kationsmerkmal eines Speicherplatzes und ei- 
nem Nachrichten-Operationstyp. die Nachrich- 
ten zugeordnet sind, welche in den Nachrichten- 
Speichermitteln (16) gespeichert sind; 
wenn festgestellt wird, daft mindestens der Spei- 
cherplatz und der Operationstyp, die einer der 
gespeicherten Nachrichten zugeordnet sind, 
dem Speicherplatz und dem Operationstyp ent- 
sprechen, die der empfangenen Nachricht zuge- 
ordnet sind, 

Kombinieren (26) der empfangenen Nachricht 
und der gespeicherten Nachricht, um eine konv 
binierte Nachricht zu erzeugen; und 
Ersetzen (30) der gespeicherten Nachricht durch 
die kombinierte Nachricht 

10. Verfahren nach Anspruch 9, desweiteren einen 
Schritt umfassend, bei dem, wenn festgestellt 
wird, da& die Speicherpldtze und/oder Operati- 
onstypen, die jeder gespeicherten Nachricht zu- 
geordnet sind, nicht dem Speicherplatz und/oder 
Operationstyp, die der empfangenen Nachricht 
zugeordnet sind, entsprechen, die empfangene 
Nachricht auf einem verfugbaren Speicherplatz 
in den Nachrtohten-Speichermittein (16) gespei- 
chert wird. 

11. Verfahren nach Anspruch 9 Oder 10, wobei der 
Schritt des Empfangens einen zusatziichen 
Schritt umfallt bei dem, wenn in den Nachrich- 
ten-Speichermitteln (16) keine Nachrichten ge- 
speichert sind und wenn die Ausgangsportmittel 
zur Benutzung verfugbar sind, die empfangene 
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Nachricht auf die Ausgangsknotenmittel (P. Q) 
geschaltet wird. um von diesen weitergesendet 
zu warden. 

12. Verfahren nach einem der Anspruche 9 bis 11, 5 
desweiteren den Schritt des Ubertragens von 
Nachrichten von den Nachrichten-Speichermit- 
teln (16) zu den Ausgangsknotenmitteln (P, Q) 
unofassend, von denen die Nachrichten dann wei- 
tergesendet werden. wobei der Ubertragungs- io 
schritt so ausgefOhrt wird, dad die zuerst in den 
Nachrichten-Speichermittetn (16) gespeicherte 
Nachricht auch die erste Nachricht ist, die aus 
den Nachrichten-Speichermittein ausgegeben 
wird. IS 



Revendlcations 

1 . Dispositif de commutateur num^rique par conrtbi- 20 
naison comportant un moyen de noeud d'entr^e 

(I, J) et un moyen de noeud de sortie (P, Q), 
comprenant : 

des moyens de stockage (16) comportant une 
plurality d'emplacements de stockage pour 2S 
stocker les donn6es revues du nrioyen de noeud 
d'entr^e (i, J) avant la transmission des donndes 
au moyen de noeud de sortie (P. Q). 
des moyens de comparateur (20) pour comparer 
les donn^es revues d la totality des donn^es re- 30 
9ues pr^c^demment, s'il y en a, qui sont stock^es 
dans les moyens de stockage (16), les moyens 
de comparateur (20) comportant une sortie pour 
Indiquer si au moins un ^I6ment des donn^es re- 
vues Concorde avec au moins un ^6ment des 35 
donndes stock^es, caractdris6 par 
des moyens de combinaison (26) comportant une 
premiere entree couplde aux donn6es regues et 
une seconde entree couplSe aux moyens de 
stockage (16) pour combiner les donn^es 40 
stock^es avec les donn^es regues, les moyens 
de combinaison (26) rdpondant ^ la sortie des 
moyens de comparateur (20) pour produire d leur 
sortie les donn^es combin^es, les donn6es 
combin^es constituent une combinaison des 4$ 
donn^es repues et des donndes stockdes qui ont 
produit une concordance avec les donndes re- 
vues, et 

des moyens (30) pour diriger les donn^es combi- 
n6es provenant de la sortie des moyens de so 
combinaison (26) vers les moyens de stockage 
(16) pour stockage ^ un emplacemdnt'dans te- 
quel les donn^es stock^es qui ont produit une 
concordance avec les donnSes revues sont 
stock^es. 55 

2. Dispositif de commutateur num^rique par combi- 
naison seion la revendication 1. qui est Indus 



dans un systems de traitement de donn6es du 
type qui comporte une plurality de processeurs 
de donn6es qui sont couples d une plurality de 
modules mdmoires par I'interm^diaire d'un r6- 
seau de commutation, les processeurs de don- 
n6es produisant des messages pour stockage d 
I'int^rieur d'un module particulier parmi les modu- 
les m^moires, les moyens de noeud d'entr^e (I. 
J) 6tant couples d au moins un processeur de 
donn6es et les moyens de noeud de sortie (P, Q) 
6tant couples d au moms un nrKXjule m§moire. 

3. Dispositif de commutateur num^rique par combi- 
naison selon la revendication 1 ou 2, et compre- 
nant de plus des premiers moyens de couplage 
(MUX) pour coupler une sortie des moyens de 
stockage (1 6) aux moyens de noeud de sortie (P, 
Q) pour d^livrer des donn^es stock^es d ceux-ci. 

4. Dispositif de commutateur num6rique par combi- 
naison selon Tune quelconque des revendlca- 
tions 1 d 3 et comprenant de plus des seconds 
moyens de couplage (12) pour coupler les 
moyens de noeud d'entr6e (I, J) aux moyens de 
noeud de sortie (P, Q) si les moyens de stockage 
(16) sont vides et si les moyens de noeud de sor- 
tie (P, Q) sont disponibles pour utilisation. 

5. Dispositif de commutateur num^rique par combi- 
naison selon l*une quelconque des revendlca- 
tions 1 d 4 et comprenant de plus des troisi^mes 
moyens de couplage (18) pour coupler les 
moyens de noeud d'entr^e (I. J) aux moyens de 
stockage (16) pour stocker les donn^es re^es d 
un emplacement de stockage disponible panmi 
les moyens de stockage (16). les troisidmes 
moyens de couplage (18) rdpondant d la sortie 
des moyens de comparateur (20) pour coupler les 
donn6es regues provenant des moyens de noeud 
d'entr6e (I, J) aux moyens de stockage (16) lors- 
que la sortie des moyens de comparateur (20) in- 
dique qu*au moins un 6l6ment des donn6es re- 
vues ne Concorde pas avec au moins un 6l6ment 
des donn^es stock^es. 

6. Dispositif de commutateur num6rique par combi- 
naison selon Tune quelconque des revendlca- 
tions Ids. dans tequel les donndes revues sont 
representatives d'un message produit par I'un 
d*une plurality de processeurs de donn6es pour 
stockage d I'int^rieur de I'un d'une plurality de 
modules m^moires dans lequel ie au moins un 
element de donn^es est repr^sentatif d'une iden- 
tification d'une adresse d'emplacement de 
stockage de I'un des modules m^moires. 

7. Dispositif de commutateur num^rique par combh 
naison selon Tune quelconque des revendica- 
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tions 1^6. dans lequei les moyens de stockage 
(16) comprennent des moyens de stockage du 
type premier entr^/premier sorti. 

8. Dispositif de commutateur num^riqua par combi- 5 
naison selon Tune quelconque des revendica- 
tions 1 d 7, dans lequei les moyens de combinal- 

son (26) comprennent une unit6 arithm6tique/lo- 
gique. 

10 

9. Proc6d6 pour mettre en oeuvre un commutateur 
d combinaison de message constitu^ de moyens 
de stockage de message (1 6) et d'un moyen de 
noeud d*entr6e (I, J) coupid d au moins un pro- 
cesseur de donn^es, et d'un moyen de noeud de is 
sortie (P, Q) couple aux emplacements m^moi- 

res, le proc6d6 comprenant les stapes conslstant 
^: 

recevoirun message du moyen d'accds d*entr6e 

(I. J). 20 

caract6ris6 par les stapes consistant d : 

si le moyen de stockage de message (16) 

comporte au moins un message stock6 dans ce- 

lul-cK 

comparer (20) au moins une identification d'un 25 
emplacement m^moire et un type d'op6ration de 
message associ6 au message regu d Tidentif ica- 
tion d'un emplacement m^moire et ^ un type 
d'opdration de message assocl6 au message 
stocks dans les moyens de stockage de message so 
(16). 

si au nrioins Templacement mSmoire et le type 
d'op6ration associd d Tun des messages stock^s 
sont d6termin6s dtre 6gaux d {'emplacement m6- 
moire et au type d'op^ration assocl6 au message 35 
regu. 

combiner (26) le message regu et le message 
stocks afin de produire un message combine, et 
remplacer (30) le message stocks par le messa- 
ge combing. 40 

10. Proc6d6 selon la revendication 9 et comprenant 
de plus une dtape consistant (orsque I'empta- 
cement m6nrK)ire et/ou le type d'opdration asso- 

d6 d chacun des messages stockds sont ddter- 45 
minds ne pas dtre dgaux d Templacement m^ 
moire et/ou au type d'opdration associd au mes- 
sage regu, stocker le message re^ d un empla- 
cement mdmoire disponlble dans les moyens de 
stockage de message (1 6). so 



Q) pour transmission d partir de celui-ci. 

12. Procddd selon Tune quelconque des revendica- 
tions 9 d 11 et comprenant de plus une dtape 
consistant d transferer le message d partir des 
moyens de stockage de message (16) aux 
moyens de noeud de sortie (P. Q) pour transmis- 
sk>n d partir de ceux-ci, I'dtape de transfert dtant 
accomplle de telle sorts que le premier message 
stocks dans les moyens de stockage de message 
(16) soit le premier message transfer^ hors des 
moyens de stockage de message (16). 



11. Procddd selon la revendication 9 ou 10; dans le^ 
quel retape de reception comporte une 6tape 
suppl6mentaire consistant lorsque le nrioyen 
de stockage de message (16) ne comporte pas 
de message stocks et iorsque le nnoyen d'accds 
de sortie est disponible pour utilisation, coupler le 
message regu aux moyens de noeud de sortie (P, 



55 



8 



EP 0 379 709 B1 



X 

3 



FIG.l (PRIOR ART) 



CHUTE 
FIFO 



TD WAIT BUFFER 
IN REVERSE CHIP 
FOR DECDMBINING 



JL. 



INPUT 




COMP- 




QUEUE 


REG 




ARATOR 




FIFO 




2t 



X 
3 



1. 



CHUTE 
FIFO 



TO WAIT BUFFER 
IN REVERSE CHIP 
FOR DECDMBINING 



1' 



JL 



3' 



INPUT 




COMP- 




QUEUE 


REG 




ARATOR 




FIFO 




9 



EP 0 379 709 B1 



FIG.2 



12 



22- 



COMP- 
ARATOR 



20 



COMPARE 



7 



REG 



REG 




TO WAIT BUFFER 
QF REVERSE CHIP 



REG 



-28 



V 



18 



QUEUE 
FIFO 



X 



10 



14 



^READ/VRITE 
'30 



CONTROL 



7 



BUSY 



MUX/REG 
CONTROL 



>- 

a 
2: 
u 



22 — 



COMP- 
ARATOR 



20' 



:7 



COMPARE 
J 



7 



REG 



REG 



TO WAIT BUFFER 
OF REVERSE CHIP 




X 
ZD 
2: 



.18' 



16 
J. 



QUEUE 
FIFO 



X 



READ/WRITE 
-30' 



CONTROL 



7 



BUSY 



MUX/REG 
CONTROL 



10 



